Abstract: This study was conducted to investigate the morphological identification of vesicular-arbuscular mycorrhiza (VAM) on bulbous plants in the Taurus Mountains in Turkey. Thirteen soil samples and bulbous roots were taken from the rhizosphere of bulbous plants. The soils were analyzed for the number of VAM spores and chemical and physical properties. In addition, the roots were examined for infection levels, and morphological identification of VAM spores was made. All tested plants are considered mycorrhizal plants. We determined three spore species (Glomus mosseae, Glomus hoi and Scutellospora calospora) from the surveyed soils. The spore distribution rates were as follows: G. Mossea 61.54 %, G. Hoi 23.07 % and Scutellospora calospora 15.38 %. Results suggest that VAM fungal spores and root colonization display variation in rhizosphere under bulbous plants in different ecological conditions.
INTRODUCTION
The mutualistic association observed between vesicular-arbuscular mycorrhiza (VAM) and host plants is important in various natural and agricultural ecosystems (Sylvia and Williams, 1992) . This association plays an essential role in enhancing plant growth in semi-arid agroecosystems (McGee, 1989) , especially for plants grown in degraded soils.
The presence of arbuscular mycorrhizal fungi (AMF) may be essential for ecosystem sustainability, establishment of plants and maintenance of biological diversity. The participation of AMF in the biodiversity and ecosystem functioning is now being recognized, particularly due to their effect on plant diversity and productivity (van der Heijden et al., 1998) . Several authors have reported positive relationships between plant diversity and AMF colonization (Grime et al., 1987; van der Heijden et al., 1998) .
Mycorrhizal fungi provide inorganic nutrients, mainly phosphorus and other complexed compounds, to the plant through the extensive network of their hyphae that forage for soil nutrients more effectively than plant roots (Van der Heijden et al., 1998) . For this association to occur, there must be a host plant (the phytobiont), an ecological habitat (the soil) and a suitable fungus (the mycobiont).
Interactions among AMF, host plants and environmental factors (particularly the availability of nutrients in the soil and other soil organisms) are complex. Mycorrhizal associations of plant roots with fungi are ubiquitous in nature and therefore, this symbiosis is of enormous ecological importance (Sykorová, 2007) . In other words, soils, plants and management factors mainly affect the mycorrhizal fungi and their development in an ecosystem. There are some indications that the diversity of VAM fungal species declines from natural ecosystems to high-input agricultural systems (Sharif and Moawad, 2006) .
These fungi apparently have a limited tolerance range to environmental conditions (Stahl et al., 1988) and possess specific adaptations to the soil in which they occur (Lambert et al., 1980) . These adaptations apparently can influence the outcome of competition between VAM fungi (Gerschefske Kitt et al., 1987) . For example, high or low soil P levels (Boerner, 1990; Davis et al., 1984; Henkel et al., 1989; Haas and Krikun, 1985; Johnson, 1976; Krikun, 1983; Thomson et al., 1986) , soil micronutrient levels (Killham, 1985) , aridity (Bethlenfalvay et al., 1989; Sieverding and Toro, 1988; Simpson and Daft, 1990a; Stahl and Smith, 1984) , salinity (Pond et al., (1984) , low soil pH (Adelman and Morton, 1986; Hayman and Tavares, 1985; Howeler et al., 1987; Koomen et al., 1987; Porter et al., 1987b) , toxic levels of metals (Dueck et al., 1986; Gildon and Tinker, 1983; Koslowsky and Boerner, 1989) , low or high temperatures (Dodd and Jeffries, 1986; Raju et al., 1990; Schenck and Smith 1982; Sieverding, 1988) .
Indeed, mycorrhizas, not roots, are the main organs of nutrient uptake by most terrestrial plants. Mycorrhiza can exist in many forms; its morphology is determined by the characteristics of each partner involved and by the specific plant-fungus combination. This research was conducted to investigate morphological properties of VAM in some bulbous plants grown in the Taurus Mountains.
MATERIALS AND METHODS

Description of the study sites
The vegetation of Anti-Taurus Mountains (Aladaglar), which are part of the middle Taurus Mountain system, includes vegetation types of Mediterranean, Iranian-Turan and EuropeanSiberian floristic regions such as forests, shrubs and grassland formations. Several environmental conditions such as climate, relief (topography), soil, hydrographic and biotic factors have a significant impact on vegetation development. These factors have led to rich and strong vegetation formations. However, climate is the main factor that determines the rich biodiversity in the study area. Topography makes a difference by helping climate conditions; on the other hand, soil and hydrography have a local impact on vegetation growth. Biotic factors have a negative impact on vegetation. In particular, human beings have been destroying the vegetation formations for several hundred years. Because of degradation caused by humans, erosion has become one of the main problems in the study area (Toroğlu and Ünaldı, 2008) .
Thirteen species of bulbous plants were sampled in the Taurus Mountains during the spring of 2013. The study was conducted in two localities. One of them is Karaman/Sarıveliler and the other is Karaman/Ermenek. These two areas are located in the central part of the Taurus Mountains. Two soil and plant materials were collected from the Ermenek location and ten samples were sampled from Sarıveliler. The sample areas' height ranges from 1 200 to 1 760 m (Table 1. ).
Soil and plant samples
Soil samples were taken from soil layers at 0 to 20 cm below the surface using a spade to collect about 1 kg of soil. The number of soil samples was based on the number of dominant native plant. Plant names, localities and heights are presented in Table 1 . The samples were placed in a plastic bag and stored in a refrigerator on the day of collection; they were immediately refrigerated at 4°C when they arrived in the laboratory. Root fragments in these samples were examined for VAM colonization (Phillips and Hayman, 1970 ). The soil samples were then air-dried in the shade at laboratory temperature for spore counting and identification. The total vegetation cover is quite different in terms of density and endemic species. (The plants were identified by Biologist Dr. Yavuz Bağci according to the procedures described by Davis, 1965 Davis, -1985 .
Physical and chemical properties of the studied site soils
The soil samples taken from 0 to 20 cm depth were air dried and passed through a 2-mm sieve before laboratory analysis. The analysis was conducted to determine soil characteristics such as electrical conductivity (EC), pH, available P, K, total nitrogen, CaCO 3 , organic matter, texture, Fe, Zn, Cu, Mn and soil moisture. The electrical conductivity (EC) and pH were determined by using an electric and pH meter, respectively (Richards, 1954) . The soluble potassium was determined with a flame photometer according to Knudsen et al. (1982) . The available P was determined using a spectrophotometer according to Olsen et al. (1954) . Total nitrogen was determined according to Bremner (1965) using the Kjeldahl method while the CaCO 3 percentage was determined according to Hızalan and Ünal (1965) ; organic matter was determined according to Jackson (1973) and texture according to Bouyoucos (1995) using the hydrometer method. In addition, Zn, Fe, Mn and Cu contents of the soil samples were analyzed using ICP-AES (Soltanpour and Workman, 1981) . All the soil analyses and measurements were triplicated and average values were used in the statistical analysis. 
Assessment of arbuscular mycorrhizal fungi colonization and spores
The root samples were washed carefully with deionized water and the roots were cleared. The staining procedure was performed according to the method described by Koske and Gemma (1989) . Roots were treated with KOH (10%) for 15-20 min at 121ºC in an autoclave. Clear pieces of roots were rinsed with tap water to remove KOH. Dark roots were further bleached with 10% H 2 O 2 for 3 min at room temperature. Then the roots were acidified with 2% HCl (v/v) for 1 h at room temperature and stained with Trypan blue (0.05%) (Phillips and Hayman, 1970) , with the lactophenol being changed to lactoglycerol (Lactic acid:glycerol:deionized water, in a 5:1:1 ratio). Excess stain was removed using 50% glycerol for 1-2 h. Samples were then stored for microscopic analysis. Three slides, each with 10 randomly selected stained roots (1 cm long) were prepared from every individual plant sample. A total of 30 roots per species were examined to determine structures characteristic of VAM.
The percentages of root colonization were examined under a microscope (Novew b-series biological trinocular microscope) at 10X-20 X and 40 X magnification and were calculated by the gridline intersect method (Giovanetti and Mosse, 1980) . Each soil sample (10 g fresh mass) was sieved according to the sieving and decanting procedure of Gerdeman and Nicolson (1963) and INVAM (2004) . The sieved samples were centrifuged at 3500 rpm (10 g) for 10 min. The pellet was resuspended in 50% sucrose and centrifuged again at 3500 rpm (10 g) for 1 min. After centrifuging, the supernatants were poured on to 38-50, 50-100, 100-250 and >250μm sieve team, washed thoroughly with deionized water and then placed in 9-cm Petri dishes for examination under a stereomicroscope (Olympus SX 60 trinocular microscope) at 40 X magnification. Turgid spores (suggesting viability) were grouped under the dissecting microscope according to morphological characteristics. Diagnostic permanent slides were prepared for each different spore morphotype using either polyvinyl alcohol alone or mixed with Melzer's solution (1:1). Spore identification was based mainly on spore size, color, wall structure and hyphal attachment (Walker, 1983; Morton and Benny, 1990; Schenk and Perez, 1990) . For spore observation and identification, the spores were mounted on glass slides and identified to genus level whenever possible, using a compound microscope of 100-400 X magnification, based on descriptions in Brundrett et al. (1996) and information from the INVAM website (http://www. invam.caf.wvu.edu).
Data analysis
The obtained data was analyzed using oneway analysis of variance and the means were separated by the Duncan's multiple range test (P<0.01 and 0.05) using Minitab software.
RESULTS
Variation of physical and chemical properties of the site soil
The results of the soil physicochemical analyses are shown in Tables 2 and 3 
Occurrence of arbuscular mycorrhizal fungi Mycorrhizal colonization in different bulbous plants
The VAM statuses of the thirteen dominant native (bulbous) plants are shown in Table 4 . All of the plant species in the surveyed area were colonized by VAM. The root colonization rate showed variation depending on both soil properties and on each plant species. The colonization percentage ranged from 20 to 93%. There were significant differences in mycorrhizal colonization between plants and the differences were found to be statistically significant (P<0.01 and P<0.05). Of the thirteen plant species, Ornithogalum lanceolatum Labill. had the highest colonization (93%) whereas Tulipa armena Boiss. var. lycica (Baker) Marais. had the lowest (20%) colonization. On the other hand, Table 4 shows that most of the researched plants had the same infection rate. There was a positive correlation between the rate of mycorrhizal infection (% infection) and EC (0.404*), rate of sand (0.405*), organic matter (0.473**), P 2 O 5 (0.419**), Zn (0.333*); on the other hand, there was a negative correlation between the rate of mycorrhizal infection (% infection) and rate of clay (-0.610**), belonging to 50-100 µ, spore number (-0.504**), >250 µ, spore number (-0.560**) (not shown in the Table) .
AMF spore density in rhizosphere soils
The total amounts of AMF spores were obtained from the rhizosphere region of the sampled plants. Large spore populations were observed in most soil samples, but variance was high. The spore density in the rhizosphere zone under . Soil properties had a significant effect on spore density. On the other hand, the distribution of spore numbers changed according to sieve size and plant variety. The highest spore numbers were taken from the smallest sieve size (between 38-50µm), whereas the lowest spore densities were taken from the highest sieve size (>250 µm, Table 4 ). In addition, positive and negative correlations were found among the numbers of mycorrhizal spores and some soil properties. There was a positive correlation between the number of spores (including sporocarps) and spore diameters (38, 50 µ (0.961**), 50 and100 µ (0.916**), 100-250 µ (0.904**) and >250 µ (0.379*); there was a negative correlation between the number of spores and pH (-0.518**), CaCO 3 (-0.481**) and K 2 O (-0.350*) (not shown in the Table) . 
Morphological identification of VAM spore
Spores were isolated from the soil of the research area's soil and then examined for some properties determined by INVAM (Table 5. ) .The spore colors were also determined according to INVAM colors chart. G. mosseae was the most common species among the samples, being found in 85% of the soil samples collected (Table 6 .). These species are typical of arid and semi-arid environments. It has been reported that G. mosseae has a variable response to different environmental conditions due to the variable phenotypic plasticity of this species (Heslop-Harrison, 1964) . The Glomus genus was reported to be dominant in arid and semi-arid climates due to its resistance to high soil temperature (Al-Raddad, 1993; Mohammad et al., 2003) . Spores of Glomus mosseae (Fig. 1) were found in abundance in almost every soil sample, and spores of Glomus hoi (Fig. 4) were also identified in the soil samples. Another species determined was Scutellospora calospora (Fig. 5) .
Indigenous VAM fungal communities generally contain several fungal species. Normally 5-15 species may be found in agro-ecosystems. The spatial distribution of VAM fungal species can vary and even when the number is the same at two different soil sites, the species composition of the fungal population can be completely different (Sieverding, 1989) . The spores of VAM fungi are very distinctive. Generally, spore density in the soil samples seemed to be dominated by the species of Glomus mosseae, Glomus hoi and S. calospora.
The properties of the identified spore species are as follows:
Glomus mosseae (Nicol. & Gerd.) Gerd. & Trappe. Sporocarps have 1-10 spores, are more or less spherical, their shapes vary from globose to ellipsoid, and up to 1 mm in diameter. Peridium is variable, consisting of irregularly-branched septate hyphae frequently anastomosing to form a thin network, enclosing the chlamydospores entirely, or incomplete with spores extruding; sporocarps containing chlamydospores, sometimes only one, usually 2-6, but up to 32 in number; chlamydospores yellow, spherical to oval, occasionally irregularly-shaped, variable in size 60-320 µ, generally with only one but occasionally two distinct funnel-shaped attachments. Walls of spores have two layers, a thin outer layer and a thick inner layer. The inner wall is 2-7 µ; ectocarpic spores are similar to endocarpic spores, abundant in some collections, rare in others, formed in soil or sometimes in root tissue.
This species is named in honor of Dr Barbara Mosse, who was the first to demonstrate experimentally that a sporocarpic Endogone could produce endotrophic mycorrhizae (Mosse, 1953 (Mosse, , 1956 . Spores are single in the soil, in loose aggregates or compact sporocarps; pale yellow (2A2) to golden yellow (5B8) (Nicolson and Gerdeman 1968) (Fig. 1) (http://www.zor.zut.edu.pl/ Glomeromycota/Glomus%20mossea.html).
Glomus hoi. This description is a combination of information obtained from the protologue (Berch and Trappe, 1985) , type specimens, and universal patterns of morphological organization and structure in Glomaceae. A living culture of this species has never been obtained by INVAM.
Spores are borne singly in the soil, globose, subglobose, ellipsoidal or irregular in shape, (50-) 80-120 (-155) x (45-) 75-120 (-140) µm in diameter and light brown in color. The spore wall is composed of two distinct, separable layers (L1 and L2). The outer layer (L1) is light yellow to orange-yellow in color under transmitted light; (2-) 4-6 (-8) µm thick, with an outer surface that fractures and sloughs. The inner layer (L2) is hyaline to light yellow, very thin, 1 um thick. The subtending hypha is single, cylindrical or slightly flared toward the point of attachment, (5-) 8-11(-13) µm wide at the spore base. The hyphal wall consists of a single layer, 2.5-5 µm thick, sometimes bearing fine, thin-walled, septate, lateral branches. The occlusion appears to be a thin, curved septum in the hypha lumen at or somewhat below its point of attachment to the spore (Berch and Trappe, 1985) (Fig. 4) .
Scutellospora calospora (Nicol. & Gerd.) Walker & Sanders. Spores formed singly in the soil are terminally on a bulbous suspensor-like cell, translucent, hyaline to pale greenish-yellow; globose, ellipsoidal or cylindrical, occasionally broader than long; 114-285(-511) x 110-412(-511) µm. There are four walls in the spore structure and they are divided into two groups (groups A and B). Group A: i.e. the inner wall, is brittle, hyaline to pale yellow, very finely laminated wall (wall 2) 3-5 µm thick that may be surrounded by a thin, very closely appressed hyaline unit wall (wall 1), 0.5-1 µm thick. Group B has two hyaline membranous walls (walls 3 and 4). Wall 3 is 0.5-1 µm thick, often wrinkling in crushed spores. Wall 4 is 1-1.5 µm thick, staining red in Melzer's reagent. Germination shield is oval, 35-70 x 50-90 µm, often with invaginations along the margin. Suspensor-like cell is borne terminally on a septate subtending hypha, 33-48 µm wide; walls of the spore are concolorous with each other; walls are 1 µm thick distally, thickening somewhat near the spore base (Koske and Walker, 198 
DISCUSSION
This is the first study reporting the morphological identification of VAM associated with bulbous plants of the Taurus Mountains in Turkey.
We have determined rates of VAM colonization in plant roots and mycorrhizal spore number in rhizosphere soils belonging to bulbous plants. The results showed that soils in two locations of the Taurus Mountains contained the highest number of mycorrhiza spores and the highest mycorrhizal infection rate in plant roots. The number of spores examined (62-1771 spores/10g soil) is much higher than the number isolated from agricultural soils (0.1 to 5 spores/g soil, Mosse 1979). However, there was much variability in the number of spores from rhizosphere to rhizosphere. We found that the numbers of VAM spores vary with soil texture. The clay-loamy and clay soils were generally richer in VAM spores (with high variation in frequency), while sandy soil contained lower numbers of endogonaceous spores, the range being from 78-124 spores/l0 g soil. The present survey indicated strong dependence of VAM spores on the pH and CaCO 3 , K 2 O content of the soil, but this dependence was found as negative. Unlike findings by other researchers, we found a very high percentage of organic matter present in the topsoil since the topsoil was covered with plant residue. Sheikh et al. (1975) did not find high numbers of spores with respect to organic matter levels (Table 2) . However, the results of some other studies show that organic matter content of the soil was positively related to the endogonaceous spore population. Our findings about the number of spores have shown fluctuation depending on organic matter content. The results obtained from this survey further showed that the rate of mycorrhizal colonization showed variation among bulbous plants and the root colonization rate varied depending on both soil properties and plant species. The variation could be due to environmental factors and physicochemical characteristics of the soil, which can have an effect on colonization. Also, we found significant and positive effects on plant root colonization of organic matter, total nitrogen, phosphorus, EC, Zn and soil texture (r=0. 473, 0.473, 0.419, 0.404, 0.333, 0.405, respectively) . We can say that the mentioned parameters increased root infection rate in such a way that P 2 O 5 is one of the important factors that affects both mycorrhizal infection rate and root length. It affected both mycorrhizal infection rate and root length positively. Generally, a high density of P 2 O 5 had a negative effect on mycorrhizal colonization but the level of P 2 O 5 in the studied soil was not very high for the colonization rate. Furthermore, the importance of soil parameters for the diversity of the VAM fungus species is not well known, but overall VAM fungus production in the form of spore propagules may increase with soil pH and organic carbon, and decrease with increasing amounts of soil phosphorous. The level of phosphorus in the plant has also been shown to influence the establishment of VAM with high levels inhibiting colonization by mycorrhizae (Menge et al., 1978) . Table 6 . Occurrence of genera and species of VAM fungi and their hosts Taurus Mountains of two locations (Karaman/ Sarıveliler, Karaman/Ermenek). Percent occurrence is based on the number of plant species associated with a specific genus and species of VAM fungi divided by the total (13) major plant species present. In the present study, the population dynamics of AM fungi were determined by collecting the resting spores under rhizosphere soils of different bulbous plants. As VAM fungi are widespread, they occurred in almost all soils, but with a variation in both number and type of spores and sporocarps. The surveyed soils gave very high numbers of VAM propagules and they changed from plant to plant. This is due to low nutrient status (1.04-19.79 mg/kg of P 2 O 5 and 61. .49 mg/kg of K), zinc (0.18-4.05 mg/kg). Altogether, three VAM fungal species were isolated from thirteen different bulbous plants under rhizosphere soils. The VAM fungal species belonging to the genera of Glomus, and Scutellospora were isolated.
Genus
In conclusion, there is no direct relation between the number of spores and the number of species. It is a well-established fact that these two factors need not be directly proportional to one another. In the present study, Glomus dominated the rhizosphere soils of bulbous plants. This was similar to earlier reports of VAM association on other vegetable crops (Bagyaraj et al., 1979; Subha, 2001) . Similar reference was observed in the case of chili (Bagyaraj and Manjunath, 1980; Bagyaraj and Sreeramulu, 1982; Manoharachary and Sulochana, 1989; Janakirani, 1991; Vani, 1993; Hindumathi, 1999; Subha, 2001 ) in studies of the AM fungal association in onion, chili, okra, sesame, safflower, castor, sorghum and sweet potato. Also, Karaarslan and Uyanöz (2010; 2011) reported that Glomus dominated the rhizosphere soils of natural plants. We can say that early researchers obtained results similar to the present study (Karaarslan and Uyanöz, 2008; Uyanöz and Karaarslan, 2012) . Spores, subtending hyphae, and sporocarp morphology are used as taxonomical features in VAM fungal identification. However, fungal anatomy in roots is not generally used in taxonomical descriptions to separate taxa below the generic level. Morton (1985) and Hall (1977) reached the conclusion that the morphological characteristics (spore size, color and structure) and ontogenetic characteristics (production of arbuscules, vesicles and number of spores) were not influenced significantly by the host.
All major genera (Acaulospora, Entrophospora, Gigaspora, Scutellospora, Sclerocystis and Glomus) of VAM fungi have been found in arid, semi-arid, and sand dune soils around the globe (Khan, 1974; El-Giahmi et al., 1976; Redhead, 1977; Diem et al., 1981; Schwab and Reeves, 1981; Bloss, 1985; Halvorson and, Koske, 1988; McGee, 1989) . Of the 148 species of VAM fungi, 31 species were first reported from sand dunes (Schenck and Pérez, 1990) .
The 31 species are in three genera: Glomus (14 species), Scutellospora (12 species), and Acaulospora (5 species). VAM inoculum density varies from site to site and decreases with soil depth (Sutton and Barron, 1972; Miller, 1979; Reeves et al., 1979; Buchholz and Motto, 1981; Schwab and Reeves, 1981; Allen et al., 1984; Zajicek et al., 1986; Koide and Mooney, 1987) . The distribution of VAM fungal species appears to be more closely related to host plant, soil structure and environmental conditions than to the competition by other VAM fungal species (Koske, 1981) .
